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The estimated prevalence of obesity in the USA is 72.5 million adults with costs attributed to obesity more than 147 billion dollars
per year. Though caloric restriction has been used extensively in weight control studies, short-term success has been diﬃcult to
achieve, with long-term success of weight control being even more elusive. Therefore, novel approaches are needed to control the
rates of obesity that are occurring globally. The purpose of this paper is to provide a synopsis of how exercise, sleep, psychological
stress, and meal frequency and composition aﬀect levels of ghrelin, cortisol, insulin GLP-1, and leptin and weight control. We
will provide information regarding how hormones respond to various lifestyle factors which may aﬀect appetite control, hunger,
satiety, and weight control.
1.Introduction
Obesity is a multifaceted problem with many contributing
factors including butnot limited to genetics, hormone levels,
overconsumption of food, and sedentary lifestyle. Dietary
adherence has been shown to be negatively associated with
t h ed e g r e eo fc a l o r i cr e s t r i c t i o n[ 1]. In light of this evidence,
development of strategies to promote weight loss in the
absence of purposeful caloric restriction could be advanta-
geous in the battle against obesity.
Since obesity is viewed as a multi-faceted problem, this
paper proposes several diﬀerent lifestyle factors that may be
modiﬁed in order to contribute to weight reduction in the
absence of caloric restriction. These lifestyle factors are ma-
cronutrient composition of meals, meal frequency, exercise,
sleep, and psychological stress. In particular, this paper fo-
cuses on how the manipulation of these lifestyle factors may
positively or negatively inﬂuence ghrelin, glucocorticoids(in
particular, cortisol), insulin, and leptin to promote weight
loss. These hormones were not chosen for review because
they are the only hormones involved in weight regulation,
but rather because together they are well-researched and
covera wide range of physiological functions connected with
obesity and weight control. For instance, another hormone
of interest in the regulation of body weight is glucagon-like
peptide-1 (GLP-1). Exenatide, a GLP-1 receptor agonist, was
administered todetermineitseﬀectsonglycemiccontroland
weight over an 82-week period in patients with type 2
diabetes [2]. At week 30 of the study, the amount of weight
lost from baseline was 2.1 ± 0.2kg compared to 0.3 to 0.9kg
for placebo. Reduction in body weight was progressive,
resulting in an average weight loss of 4.4 ± 0.3kg at week
82 [2]. Therefore, considering these results, the hormones in
this review are not to be viewed as the only aﬀecters of body
weight regulation.
Ghrelin is a 28-amino-acid-residue peptide predomi-
nantly secreted by the stomach with substantially lesser
amounts being detected in several other tissues [3]. Ghrelin
appears in two major forms: acylated and nonacylated ghre-
lin. Acylated ghrelin is the active form of ghrelin whereas
nonacylated ghrelin, which is present in greater quantities
than acylated ghrelin, appears to be biologically inactive [3].
Ghrelin isapleiotropichormonedemonstratingmanydiﬀer-
ent roles. Ghrelin displays strong growth hormone releasing2 Journal of Nutrition and Metabolism
activity through the binding to and activation of growth
hormone secretagogue receptor type 1a [3]. In addition to
growth hormone release, ghrelin stimulates the release
of prolactin and adrenocorticotropic hormone, negatively
inﬂuences the pituitary-gonadal axis, stimulates appetite,
inﬂuences sleep, controls gastric motility, and modulates
pancreas function [3]. Speciﬁcally, in this paper, ghrelin will
be investigated in relation to lifestyle factors.
Activation of the hypothalamic-pituitary-adrenal axis
results in the eventual production of the glucocorticoid
known as cortisol [4]. Corticotropin-releasing hormone
from the hypothalamus stimulates the release of adreno-
corticotropic hormone released from the pituitary gland
[4]. Adrenocorticotropic hormone is responsible for the
subsequent release of cortisol from the fascicular zone of the
adrenal cortex [4]. Cortisol is an adrenal steroid hormone
that regulates adaptive responses to varying types of stress
[5] .S p e c i ﬁ c a l l y ,i nt h i sp a p e r ,c o r t i s o lw i l lb ei n v e s t i g a t e di n
relation to meal frequency, exercise, sleep, and psychological
stress.
Leptin is a polypeptide hormone product of the ob gene
that is produced and secreted by adipocytes [6]. The amount
of leptin produced is directly proportionate to the triglyc-
eride content of adipocytes (i.e., the size of the fat cells)
[6]. Leptin is a crucial link in the signaling process between
changesin bodyfat and controlofenergybalance [6].Specif-
ically, in this paper, leptin will be investigated in relation to
sleep.
Insulin is a peptide hormone that is released from the
beta cells of the pancreas [7]. Insulin serum concentration
increases with feeding and decreases with starvation [7].
Serum insulin levels are most sensitive to changes in blood
glucose concentrations. Insulin binds to its receptor to
initiate GLUT-4 translocation to the cell membrane in order
to allow glucose to enter the cell for energy production
and/or storage [7]. Speciﬁcally, in this paper, insulin will
be investigated in relation to macronutrient composition of
meals, meal frequency, exercise, and sleep.
2.MacronutrientCompositionofMeals
The macronutrient composition of meals is one variable that
may contribute to excessive caloric intake under ad libitum
conditions resulting in unwanted weight gain and the onset
of obesity. The postprandial endocrine response associated
with meals of varying macronutrient proportions may give
some insight as to why certain food combinations lead to
greater satiety resulting in less caloric ingestion than others.
Identifying and exploiting the macronutrient proportions
that are associated with satiety and favorable postprandial
endocrine responses may be a useful strategy for initiating
weight loss through appetite regulation in the absence of
purposeful calorie restriction.
Amajority oftherecentstudiesinvolving theingestionof
meals of varying macronutrient proportions havefocusedon
the resulting actions of the postprandial ghrelin and insulin
response [8–13]. Bothexogenous insulin administration and
endogenous postprandial insulin response have resulted in
suppression ofghrelin [14, 15]. In addition, faulty regulation
of ghrelin suppression is associated with insulin resistance
[16]. During a euglycemic-hyperinsulinemic clamp proce-
dure, reduction of total and acylated ghrelin was greater
in insulin-sensitive overweight and obese individuals versus
insulin-resistant individuals of similar body type [16].
Postprandial ghrelin suppression has also been shown to be
proportional to meal calorie content, and this association of
meal calorie content with ghrelin suppression is reduced in
obese individuals [17]. Generally, obese individuals exhibit
lower fasting ghrelin levels than their normal-weight coun-
terparts which suggests that it may not be the initial amount
of plasma ghrelin that regulates appetite but the magnitude
and duration of postprandial ghrelin suppression and its
ensuing rise to fasting levels [13, 17].
Thefat,protein,and carbohydratecompositionsofmeals
have diﬀering eﬀects on ghrelin suppression as well as ap-
petite regulation and satiety. In one study, high-fat meals
(71% energy from fat) led to less ghrelin suppression
at 30 minutes post-ingestion when compared to a high-
carbohydrate (88% energy from carbohydrates) meal of
equal caloric load [13]. In the same study, both lean and
obese subjects reported less satiety 30 minutes after the
ingestion of the high-fat meal compared with the high-
carbohydrate meal. Moreover, Monteleone and colleagues
[18] showed similar results in that ingestion of a high-
carbohydrate meal (77%energy) more eﬀectivelysuppressed
ghrelin and appetite compared to ingestion of a high-fat
meal (75% energy) in nonobese women. In a separate study,
Foster-Schubert et al. [9] also demonstrated the inability of
fats to eﬀectively suppress postprandial ghrelin concentra-
tions when compared to carbohydrates. In this study, how-
ever, no diﬀerence in appetite between the macronutrients
was reported. Additionally, Kong et al. [11]r e p o r t e dt h a t
obese postmenopausal women with higher insulin concen-
trations had a positive correlation between saturated fat
intakeandghrelinlevels.Basedontheresultsofthesestudies,
isocalorically increasing the proportion of fat calories in
relation to calories from carbohydrates and proteins is not
a viable strategy to decrease appetite and ad libitum calorie
ingestion.
A study looking at the diﬀerences in ghrelin suppression
and appetite sensations after either an egg (22% carbohy-
drate/55% fat/23% protein) or bagel (72% carbohydrate/
12% fat/16% protein) breakfast found an inability of either
meal to suppress ghrelin [19]. In fact, ghrelin levels were
increased after both meals although the rise was signiﬁcantly
less after the egg breakfast. Despite the unexpected increase
in ghrelin, the egg breakfast was associated with signiﬁcantly
less “hunger” and greater feelings of satisfaction than the
bagelbreakfastatthreehours after ingestion.Also,consump-
tion of the egg breakfast resulted in a lower overall energy
intake compared to consumption of the bagel breakfast
during the subsequent 24-hour period. The researchers
credited the feelings of satiety associated with consumption
of the egg breakfast to the suppressed ghrelin response and
tempered insulin/glucose ﬂuctuation [19]. Examination of
other research studies suggests that the increased satiety and
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explained by the higher protein content (23% of calories
for egg breakfast versus 16% of calories for bagel breakfast)
of the egg breakfast [8, 10, 20]. Speciﬁcally, evidence from
Leidy et al. [21] supports the idea that a high-protein
intake (25% of meal calories from protein) at breakfast
may be important for sustained fullness during periods of
energyrestriction. Conversely,whena high-proteinbreakfast
(58.1% protein, 14.1% carbohydrate) was compared to a
high-carbohydrate breakfast (19.3% protein, 47.3% carbo-
hydrate), no diﬀerence in subsequent appetite or ad libitum
caloric intake during lunch was observed [22]. However, a
larger suppression of postprandial ghrelin was observed for
the high-protein breakfast [22]. Numerous studies provide
evidence that supports the use of a high-protein diet to
induceappetite suppression and decreased ad libitumenergy
intake. Weigle et al. [20] reported that an increase of protein
from 15% to 30% of dietary intake resulted in a decrease of
ad libitum caloric intake and weight loss. These eﬀects were
evident in the absence of ghrelin suppression. Beasley et al.
[8] also reported that a meal with 25% protein suppressed
appetite (compared to a 15% protein, high-fat group and
a 15% protein, high-carbohydrate group). Similar to the
results presented by Weigle et al. [20], reduction of appetite
could not be explained by a suppression of postprandial
ghrelin [8]. The likely mechanism of action of high-protein
diets on appetite suppression and decreased caloric intake
may be outside of the control of ghrelin. This is evidencedby
the mixed results of studies reporting protein’s suppression
ofpostprandialghrelin withsome researchersreporting large
diﬀerences in postprandial suppression of ghrelin [9]a n d
others reporting no diﬀerences in postprandial suppression
of ghrelin [8, 10, 20] when high-protein meals are compared
to meals of lower-protein composition.
In addition to a relatively high protein intake (∼30%
of total calorie intake), moderate carbohydrate intake may
also be important in regulating sensations of hunger and
calorie ingestion. As mentioned earlier, endogenous insulin
secretion may result in the suppression of ghrelin [15]. In a
recent study of healthy Pima Indians, higher plasma insulin
responses were associated with a decrease in subsequent
carbohydrate consumption and less weight gain [23]. These
results further point to insulin as a regulator of calorie con-
sumption. While, in one study [24], a short-term isocaloric
high-carbohydrate diet was not associated with a lower over-
all energy intake when compared to a high-fat diet, another
study [25] demonstrated that a high-protein meal (35% of
total calories) with moderate carbohydrate intake (45% of
total calories) was able to persistently suppress ghrelin at
levels signiﬁcantly lower than baseline when compared to
either a mixed-diet (50% carbohydrate, 20% protein) or
high-fat (45% carbohydrate, 45% fat) meal. It is unclear
whether the glycemic index or glycemic load plays a direct
role in the regulation of appetite and subsequent energy
intake through tempered insulin responses as results from
past studies have been conﬂicting [26, 27]. Furthermore,
insoluble ﬁber at high doses (33–41grams) may help to
regulate appetite as well as energy intake [28, 29].
In conclusion, evidence tends to suggest that for the
regulation ofad libitumcaloricingestion, a high-protein diet
(∼30% of total calories) may be beneﬁcial whereas high-
fat diets should most likely be avoided. It would appear
to be most beneﬁcial if the additional protein is ingested
from solid food sources as food form also appears to play
a role in feelings of satiety [30, 31]. Future research should
investigate the eﬀects of large doses of insoluble ﬁber (33 to
41 grams) in addition to a high-protein diet to determine if
thiscombinationcouldfurther attenuateappetiteandenergy
intake.
3.Meal Frequency
Another factor associated with weight control that may not
necessarily have a concomitant decrease in caloric intake is
meal frequency. Caloric intake can be aﬀected by caloric
density in food, total energy consumption as well as meal
frequency, but Solomon et al. [32] suggests that feeding fre-
quency has received the least amount of empirical research.
Additionally Stote et al. [33] most recently reported that
nutrient-dense and low-calorie diets have received signif-
icant attention with regards to weight control and health
outcomes, but the inﬂuence of meal frequency is yet to be
ﬁrmly established. Though the general public would suggest
that threemeals adayare important [33]there havebeen few
well-controlled studies that have compared meal frequency,
with the same caloric consumption, and its eﬀect on health
outcomes and weight control. To date evidence suggests that
less frequent meal consumption with a large bolusof calories
at each meal can lead to increases in adipose tissue [34].
Conversely consuming the same amount of calories with
morefrequentandsmallermealsdoesnotseemtoimpactthe
depositionoffat[34].AdditionallySolomonetal.[32]report
an increase in snacking has positive associations with BMI,
but also with caloric intake, suggesting the need for studies
involving meal frequency and weight control.
There have been some published ﬁndings regarding meal
frequency and its eﬀects on preprandial and postprandial
satiety and gastric sensations of “fullness” or “emptiness”
with some studies suggesting hormones may play a direct or
indirect role [35]. These hormonal eﬀects may primarily be
related to ghrelin and insulin and possibly cortisol [33, 35].
Much of the research regarding weight control and
hormones has focused principally on ghrelin, a hormone
produced primarily in the gastrointestinal tract with larger
amounts in thestomach [35]. Recentﬁndings havesuggested
that ghrelin may play a role in the control of food intake
and meal frequency as well as energy intake [36]. Speciﬁcally
ghrelin in the plasma increases preprandially in fasting con-
ditions and before meal initiation and will rapidly decrease
nadir postprandially [37] and therefore is reported to play a
role in appetite regulation, meal frequency, and hunger [36].
Solomon et al. [32] have suggested that a larger preprandial
surge in ghrelin may occur with larger and less frequent
meals that could cause more meal initiation and more be-
tween-meal snacks. Other study authors have reported that
ghrelin may play an important role in metabolic balance by
decreasing fat utilization and increasing appetite and meal
frequency [38]. The same authors report that this metabolic4 Journal of Nutrition and Metabolism
role has occurred in both healthy populations and in cancer
patients suﬀering anorexia.
Another hormone thought to regulate appetite is insulin.
Postprandial insulin levels have been more controlled with
morefrequent meals,with mealskipping(primarilyskipping
breakfast) associated with higher levels of insulin [39], but
most of the research regarding insulin and ghrelin has
focused on the interaction of the two hormones and how
each may aﬀect each other in appetite control and meal ini-
tiation and frequency.
Postprandial suppression of ghrelin has been demon-
strated to be partially dependent on the release of insulin
[32, 40] and can be subject to insulin sensitivity. Previous
reports[41]havesuggestedthattheadministration ofghrelin
in apparently healthy participants has an inverse relationship
with insulin levels and causes an increase in plasma glucose
concentrations. Other study ﬁndings [32] also suggest that
insulin and ghrelin have an inverse relationship in fasting
conditions as well as with low-frequency meal ingestion,
causing poor control of insulin and decrease in glucose
consumption [41], yet when meals are consumed more
frequently with the same caloric consumption, the insulin-
ghrelin relationship is less apparent. The lack of a rela-
tionship with high frequency meals may be due to less
insulin-related ﬂuctuations in ghrelin and therefore may
cause there to be less of a preprandial increase in ghrelin and
consequently less gastric sensations or “hunger” [32, 42, 43].
Conversely,anincreaseinfeedingfrequencythatisassociated
with an increase in caloric consumption may cause the
insulin to exert less control on ghrelin causing an increase
in preprandial ghrelin [42]. This can be especially true in
Type II diabetics [32]. Postprandial ghrelin suppression and
downregulation in insulin-resistant disease states such as
diabetes and obesity and in syndromes such as metabolic
syndrome is lesser than in apparently healthy populations
[32, 34, 44].
A third hormone that may have an eﬀect on appetite
control,mealfrequency,andregulation iscortisol.Onestudy
[36] reported that cortisol levels correlated negatively with
ghrelin suggesting that cortisol may peak after ingestion of a
meal and return to nadir some time after meal completion.
Hypercortisolism in another study [45] suppressed ghrelin
levels.
Therefore a novel approach to weight control in the
absence of direct caloric restriction could be in the control
of ghrelin levels. One study [46] concluded that a ghrelin
mimetic increased appetite transiently and that the infusion
of ghrelin countered the eﬀect of anorexia in elderly persons.
Similarly, other studies suggested a ghrelin mimetic helped
to increase appetite and caloric consumption in both end-
stage renal disease [47] and cancer patients [38]. Since it
has been established that both insulin [36, 46, 48]a n dc o r -
tisol [33, 36]h a v en e g a t i v ea n dr e g u l a t o r ye ﬀects on the
levels of ghrelin, a novel approach for weight control and
weight loss would be to attempt to control ghrelin levels
by attempting to moderate the preprandial increase. Such
control could cause a concomitant decrease in appetite with
the possible implication of caloric restriction due to lower
levelsofhunger.Controlofghrelin,behaviorally,couldoccur
through the increase of meal frequency and smaller meals.
The same amount of calories in smaller more frequent meals
canhelptoregulateglucoseandthereforeinsulinandcortisol
and indirectly aﬀect the levels of ghrelin in plasma and
ghrelin secretion. Soule et al. [48]d e m o n s t r a t e dt h a ta n
injection of ghrelin was associated with an increase in
calorie intake in one meal by 30%. Conversely, any attempts
to control ghrelin endogenously may have the opposite
eﬀect and help reduce the caloric consumption in each
meal. Combining both an increased meal frequency with
endogenous control of ghrelin could help in the decrease
of caloric consumption. More research is needed to conﬁrm
these ﬁndings with longitudinal outcomes measured.
4.Exercise
The response of total plasma ghrelin to bouts of exercise
has been investigated in humans [49–52], horses [53, 54],
and rats [55, 56]. In humans, studies reporting the observed
levels of ghrelin following acute bouts of exercise are con-
ﬂicting. More speciﬁcally, ghrelin concentrations remained
constant during a single bout of treadmill running for one
hour at 73.5% VO2max in healthy, physically ﬁt individuals
[57] and during rigorous running at increasing intensities
in endurance athletes [58] and healthy volunteers [59].
Moderate-intensity resistance exercises in which both eccen-
tric and concentric contractions were performed [60]a n d
acute incremental exercise in healthy men [61]h a v es h o w n
decreases in ghrelin concentrations [62].
While it is inconclusive how ghrelin concentration alone
changes in response to an acute bout of exercise, ghrelin
can potentially stimulate the release of growth hormone
(GH) during exercise [50]. Since the process of releasing
GH occurs through the activation of the GH secretagogue
receptor [63], and GH increases during acute bouts of
exercise, the relationship between exercise, plasma ghrelin
levels, and GH has been investigated [50]. In most studies,
GH levels increased while plasma ghrelin levels remained
unchanged regardless of the duration or intensities of the
exerciseprotocols[49,58–60].Itissuggestedthatunderthese
conditions, peripheral circulating ghrelin does not mediate
pituitary GH secretion [50]. However, there are studies that
contradict the results of the aforementioned studies. For
example, a study by Borer et al. [64]r e p o r t e da ni n c r e a s ei n
the plasma concentration of both ghrelin and GH following
exercise energy expenditure in overweight, postmenopausal
women [64]. Christ et al. [65] also observed increases in
ghrelin and GH concentrations in athletes following a three-
hour bout of aerobic exercise at an intensity of 50% VO2max
[65].
Ghrelin concentrations have also been investigated con-
currently with exercise, hunger, and food intake responses.
Recently, Erdmann et al. [50]e x a m i n e dt h ee ﬀect of a con-
tinuous bout of exercise (for up to two hours), performed
at low to moderate intensity, on food intake. One group of
subjects exercised with a bicycle and performed one control
protocol and two uninterrupted exercise protocols: cycling
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at a moderate intensity (100W). Though there was an initial
increase in ghrelin concentration observed during the ﬁrst
protocol, the concentration remained unchanged during the
second protocol. Hunger and food intake responses were not
signiﬁcantly diﬀerent from the controls. Another group of
subjects exercised with a bicycle and performed one control
protocol and three uninterrupted exercise protocols: cycling
for 30, 60, and 120min, all at low intensity (50W). Ghrelin
levels increased by 50–70pg/mL above baseline for the
respective bouts of exercise. Moreover, food intake response
after120min ofbicycleexercisewas signiﬁcantly greaterthan
the controls and compared to the ﬁrst two exercise protocols
[50].Thisstudysuggeststhatdurationhasmoreofanimpact
than intensity with respect to an increased ghrelin response
after a continuous bout of exercise.
Studies that utilize long-term exercise protocols have
shown ghrelin concentrations to increase in response to the
subsequent exercise-induced decrease in body weight that
acts via a negative feedback loop that controls body weight
[51, 52, 66]. Circulating ghrelin levels have demonstrated an
increase over time in healthy women who lost weight during
athreemonth,energy-deﬁcit-imposingdietandexercisereg-
imen[52].Also,ithasbeenreportedthattotalplasmaghrelin
increases by 18% in sedentary, overweight, postmenopausal
women who lost more than 3kg of body weight after a 12-
month aerobic exercise protocol [51]. However, Morpurgo
et al. [67] conducted a three-week exercise training program
that reduced body weight in obese patients and found that
fasting and nonfasting ghrelin levels were unchanged at the
conclusion of the program compared to levels observed
before the program began [67].
Much like the ghrelin response, the insulin response is
alsosensitive toacuteboutsofbothenduranceandresistance
exercise.Enduranceexercisepromotesoxidationintheskele-
tal muscle, which is a major component in the mediation of
insulin action [68–71]. Althoughan acuteboutof endurance
exercise enhances insulin sensitivity [72–74], it has been
reported that an acute bout of sprint interval exercise has no
eﬀect on insulin sensitivity in healthy subjects [75].
Since insulin controls the metabolism and uptake of glu-
cose in muscle cells and mediates blood glucoselevels, serum
insulin concentrations correlate with ﬂuctuations in blood
glucose [76]. This response is increased when proteins and
carbohydrates are consumed at any stage of a workout, in-
cluding pre-, mid-, and postworkout [77–80]. However, if
a protein/carbohydrate supplement is not ingested at any
stage during resistance exercise, it has been demonstrated
that serum insulin levels slightly decrease [81]. For example,
Raastad et al. [81] observed a 3% decrease in insulin con-
centrations compared to baseline values 30min after a
moderate-intensity resistance exercise protocol in male ath-
letes. The same study also observed a 4% decrease in insulin
concentrations compared to baseline values 30min after
a high-intensity resistance exercise protocol in the same
subjects, revealing that there was no signiﬁcant diﬀerence in
the levels of insulin when the two protocols were compared
[81].
Resistance exercise protocols that utilize hypertrophy
lifting strategies also show that the acute insulin response
remains unchanged [79, 82–84]. However, if a protein/car-
bohydrate supplementisingested priorto the workout, there
is a signiﬁcant increase (up to a 5-fold increase, on average)
in theinsulin response following exercise[85].Williams etal.
[84] observed that insulin levels only rose signiﬁcantly in
resistance-trained men after ingestion of a carbohydrate-
protein supplement compared to when the same subjects
ingested a placebo following bouts of resistance exercise
using a load equal to each subject’s 10-RM [84]. Dietary
intake that includes consumption of any combination of
amino acids and carbohydrates during a stage of resistance
exercise maximizes insulin’s inﬂuence on tissue anabolism
and protein synthesis by decreasing protein catabolism [77,
80] and utilizing enhanced blood ﬂow in the skeletal muscles
[76].
Hypertrophy schemes and other resistance exercise pro-
tocols are known to produce acute increases in other hor-
mones, without supplementation, including the catabolic
hormone cortisol [85]. The antagonistic eﬀects of catabolic
hormones and anabolic hormones, such as testosterone,
promote muscle growth and protein metabolism during rest
in between workouts [86–89]. These processes are accom-
plished through the inhibitory actions of cortisol in the
synthesis of contractile muscle proteins [90], as opposed to
testosterone, which has the opposite eﬀect [91, 92], resulting
inincreasedmusclemass[93,94].Furthermore,cortisolpro-
motes triglycerides to be hydrolyzed into free fatty acids and
glycerol [95–97], thereby allowing for increases in exercise
performance and recovery [98]. Circulating cortisol can also
be a source for energy production, as high levels of the hor-
mone can initiate gluconeogenesis in the liver [97]. Increases
in cortisol concentration may also lead to an increase
in appetite and energy intake. This was demonstrated by
Tataranni et al. [99] who showed that a therapeutic dose
of glucocorticoids increased appetite and energy intake of
healthy male subjects. Conversely, low cortisol concentration
results in hypophagia and possibly decreased energy intake
[100].
An acute bout of resistance exercise has been shown to
cause signiﬁcant increases in cortisol in men although the
changes observed in the hormone levels are inﬂuenced by
intensity, duration, muscle mass and loading schemes, and
the degree to which the subject has been trained for this
type of exercise [94, 101]. Increases in circulating cortisol
concentrations are typically proportional to the intensity of
the exercise performed, but reach a maximum threshold
value that is dependent upon the duration of the exercise
protocol [96, 98].
Increases in circulating cortisol levels have also been ob-
served in women after an acute bout of resistance exercise
[94] and have similar responses to men performing the
same protocol [102]. However, one study by H¨ akkinen and
Pakarinen [103] showed no statistical change in cortisol
levels among women in three diﬀerent age groups (30 years,
50 years, and 70 years) who performed the same heavy
resistance exercise protocol while a signiﬁcant increase in
cortisol was observed in the middle-aged men compared to
the younger and older men, who performed the same heavy
resistance exercise protocol and were classiﬁed with respect6 Journal of Nutrition and Metabolism
to age, in the same manner as the women who participated
in this study [103].
With regards to an acute bout of endurance training,
cortisol normally increases with respect to exercise intensity
[104–106], but the correlation is not necessarily linear [107].
Circulating cortisol concentrations have been demonstrated
to increase in trained men after repeated 100m sprints [108]
and increase in type 1 diabetics during and after sprinting
exercises [109]. Moreover, cortisol levels have been reported
to increase in short (7min) and longer (40min) bouts of
rowing, an exercise that combines both aerobic and anaer-
obic actions [110]. Although no change or even a reduced
change in cortisol concentrations at low exercise intensities
has been reported [98], this observation has been refuted
[107]. Similarly, the eﬀects of acute bouts of high-intensity
endurance exercise in athletes are conﬂicting. One study
reported no change in cortisol concentration in endurance-
trained athletes following 10min of moderate- to high-
intensity running [111], but another study reported an
increase in cortisol concentration in male athletes following
a ramp incremental cycle ergometry exercise to exhaustion
[112].
T h ec o r t i s o lr e s p o n s et oe x e r c i s ei sa l s oi n ﬂ u e n c e db y
subject training status. In untrained men, postexercise cor-
tisol concentrations, measured after one, six and eight weeks
from starting a heavy resistance exercise protocol, increased
comparedtopreexercise valueswhile resting cortisol concen-
trations decreased at eight weeks from starting the program
[102]. In moderately trained men, cycling at moderate to
high intensities provokes increases in circulating cortisol
concentrations, while cycling at low intensities reduces cir-
culating levels of the hormone [98]. When comparing long-
term trained to untrained middle-aged men, cortisol levels
increased only in the untrained group after performing
multiple sets of a superset strength training protocol at
75% of 1 repetition maximum, which suggests that long-
term, strength-trained men need a higher-volume exercise
protocol in order to counteract the lower responsiveness in
cortisol values observed in this study [113]. No changes have
been observed in cortisol concentrations among untrained
females who trained for eight weeks and were divided into
four groups: control, endurance exercise (up to 80% MHR
bythe8thweek),resistance exercise(upto80%1RMinthree
sets and six repetitions), and concurrent exercise [114].
Cortisol concentrations also diﬀer among trained sub-
jects who have diﬀerent training histories. For example, cor-
tisollevelsarelesspronouncedinendurance-trainedsubjects
compared to resistance-trained subjects who performed the
same exercise program, which included both endurance and
resistance exercises [115]. Other factors that can inﬂuence
the observedelevations in circulating cortisol concentrations
during resistance exercise include plasma volume reductions
(when corrected still result in elevated cortisol levels) [116]
and anabolic steroid use [117].
Exercise can help to control weight through an increase
in the number of calories expended. The amount of calories
expended during exercise has an equivalent eﬀect on body
composition as the same amount of calories being restricted
from the diet with the added beneﬁt of cardiovascular and
muscularconditioning[118].Infact,substantially increasing
the amount of calories expended by exercise during weight
loss may lead to better long-term weight control and
markers of health [119]. However, one negative result of
such high exercise volume may be the accompanying rise
in cortisol. Such an increase in cortisol could possibly
be blunted through nutritional supplementation of ﬁsh
oil and phosphatidylserine. Noreen et al. [120]w e r ea b l e
to demonstrate that supplementation with 4grams of ﬁsh
oil daily (1,600mg/d eicosapentaenoic acid and 800mg/d
docosahexaenoic acid) led to increased fat free mass and
decreased fat mass in men and women after 6 weeks
compared with 4grams daily of saﬄower oil. The ﬁsh oil
supplementation did not result in a statistically signiﬁcant
decrease in salivary cortisol compared with the placebo
group, but there was an existing trend. The conﬁdence inter-
vals for pre- and postmeasurements of salivary cortisol
after ﬁsh oil supplementation (−0.127µg/dL, −0.002µg/dL)
support the trend that ﬁsh oil supplementation may lower
cortisol concentration [120]. The proposed mechanism of
lowering cortisol is through a decrease of IL-6 which has
beenshowntobeastimulatorofthehypothalamic-pituitary-
adrenocortical (HPA) axis independent of corticotropin-
releasing hormone (CRH) activity [121]. In another study,
short-term phosphatidylserine supplementation of 600mg
daily was able to blunt increases in cortisol induced by
training in athletes [122]. Ten male subjects were admin-
istered phosphatidylserine or placebo for 10 days and then
subjectedtoamoderate-intensitytreadmill exerciseprotocol.
Beforethepostsupplementationtestingsession,basalcortisol
levels were lower than presupplementation levels for the
phosphatidylserine group compared with placebo. Exercise-
induced cortisol response was also reduced by 39% in the
supplement group compared to placebo. Testosterone levels
in the phosphatidylserine group also increased compared to
the placebo group, but these results were not statistically
signiﬁcant. The resulting testosterone to cortisol ratio for
the phosphatidylserine group was improved which may lead
to further positive physiological consequences [122]. The
ﬁndings ofthisstudysuggestthatphosphatidylserine iseﬀec-
tive in attenuating the cortisol response to exercise and may
potentially prevent the physical deterioration that can result
from increased training volume [122].
Inconclusion,exercise,especiallyathighervolumes,isan
important part of any weight loss regimen. Exercise may
exertitsweightcontrolbeneﬁtsthroughitspositiveeﬀectson
insulin and ghrelin. Exercise can also help one adapt to the
physiological eﬀects of cortisol, but, exercising at very high
volumes in an attempt to maximize energy expenditure may
lead to an excessive cortisol response. Therefore, blunting
the cortisol response associated with very high volumes of
exercise through the use of ﬁsh oil and phosphatidylserine
supplementation may be a viable option.
5.Sleep
An often-overlooked aspect of weight control is that of sleep
duration. An inverse relationship between sleep durationJournal of Nutrition and Metabolism 7
and body mass has been reported in both adult [123]a n d
adolescent [124] populations as well as in diﬀerent cultures
[125–129]. Since metabolism, endocrinology, and circadian
rhythms are tightly linked, this ﬁnding should be intuitive.
While there are several hormones that aﬀect weight con-
trol, leptin, ghrelin, cortisol, and insulin are a few aﬀected by
sleep. Given the roles each hormone plays in metabolism or
appetite control, learning how to manipulate the hormonal
response behaviorallycouldbeofbeneﬁtinmanaging weight
control with or without caloric restriction. The eﬀects of
these hormones are interconnected, but each hormone will
bebrieﬂypaperedindependentlytoelucidatetheeﬀectssleep
has on each.
Well-controlled studies have demonstrated the eﬀect of
sleep duration on leptin. Under normal, healthy circum-
stances, leptinlevelspeak between midnight and early morn-
ing with a nadir between midday to midafternoon [130].
Thus the peak occurs during the dark phase of the 24-hour
cycle and the nadir during the bright phase. Sinha et al.
[130] suggested that this nocturnal elevation in leptin was
to suppress appetite during normal sleeping hours. Interest-
ingly, changes in the light/dark cycle and meal timing have
beenshowntoalterplasmaleptinlevels[131].Whensubjects
underwent a 12-hour time zone shift, analogous to inverting
the light/dark cycle, peak and nadir leptin levels were shifted
by about 12 hours [131]. Furthermore, leptin peaks and
nadirs were shifted, yet again, when meal consumption
was altered by 6.5 hours [131]. Additionally, chronic sleep
deprivation has been shown to reduce the amplitude of
diurnal variation with leptin [132]. Similar reductions occur
inleptinlevelsandamplitudeofdiurnalvariation whensleep
duration is reduced from 8 hours to 4 hours [133]. This
phenomenon has also been reported in a large population-
based study where short sleep duration was associated with
low leptin levels [134] .T h es a m ep o p u l a t i o n - b a s e ds t u d y
reported shortened sleep duration to be associated with high
ghrelin levels and increased BMI [134].
While ghrelin levels increase in the fasting state and are
known to decrease shortly after food consumption [135],
levels are also known to peak during the night and decrease
before waking hours [135–137]. Relative to sleep, ghrelin
has been shown to promote slow-wave sleep (SWS), which
is important for recovery of metabolic function [138]. In
sleep-deprived states, the nocturnal rise in ghrelin was
blunted [136]. Furthermore, Dzaja et al. [136]r e p o r t e dt h a t
although the peak response was blunted in the absence of
sleep, ghrelin levels steadily increased until early morning
hours and remained elevated until after breakfast hours.
Given ghrelin’s pleiotropicnature (i.e., its eﬀectson appetite,
stimulation of growth hormone, and promotion of SWS in
normal situations), the loss of sleep seems to have multiple
eﬀects on ghrelin levels. If sleep duration is shortened and
peak levels of ghrelin are blunted but those levels do not
fall to nadir until after normal breakfast hours, the result
could be an increase in appetite leading to increased caloric
consumption. Additionally, it has also been demonstrated
that growth hormone secretion would be blunted [136]. It
is believed that ghrelin may act in a synergistic fashion with
growth-hormone-releasing hormone [139]a sw e l la sa c ta s
an interface between the hypothalo-pituitary-adrenocortical
system and the hypothalamo-pituitary-somatotrophic sys-
tem [138]. In accordance with this role as an interface
between these two systems, ghrelin not only increased the
duration of SWS sleep, but it also increased cortisol levels
[138].
Ashasbeenreportedforleptinandghrelin,arelationship
between sleep and cortisol levels exists [133, 140, 141]. In
normal, healthy conditions, cortisol levels decline prior to
sleep onset and rise again during late night hours reaching
a peak during early morning [142, 143]. During acute sleep
restriction cortisol levels were reduced in early morning
hours [141, 144], but increased during evening hours when
leptin levels were blunted [133]. This relationship points to
theinteractionbetweencortisolandleptinandapossiblerole
for sleep on weight control via hormonal regulation. While
cortisol increases leptin production in a dose-dependent
manner [145], the regulation of leptin by glucocorticoids is
not absolute [146]. Conversely, leptinhas a suppressive eﬀect
on the HPA axis [147]. Thus, a feedback loop exists between
the two. Additionally, cortisol increases food consumption
[99]. The cortisol and leptin response to reduced sleep
duration would indicate that in a sleep deprived state, as
leptin levels fall, which has a decreased eﬀect on appetite
suppression, concomitant increases in cortisol may cause an
increase in food consumption [133]. The cortisol response
to acute sleep restriction appears to be similar in a chronic
situation. In a large study using self-reported sleep duration,
sleep restriction and high sleep disturbance resulted in ele-
vated cortisol levels during evening hours [140] supporting
the results observed in the acute studies.
Finally, sleep loss has been proposed as a risk factor
for insulin resistance and type 2 diabetes [148]. After six
days of sleep restricted to 4 hours, peak glucose responses
after breakfast were elevated indicating decreased glucose
tolerance [149]. The decrease in glucose tolerance was also
reported in a follow-up study where subjects underwent two
days of restricted sleep where glucose levels were elevated
while insulin levels were lower [148, 150]. Recent epidemi-
ological studies support the acute ﬁndings as decreased sleep
duration has been reported as an increased risk factor
for impaired fasting glucose [151] and impaired glucose
tolerance [152].
Based on these aforementioned studies, it would be ap-
parent that increasing sleep duration could be a valid ap-
proach to weight control with or without caloric restriction
as well as metabolic complications associated with obesity.
However, research on the eﬀects of increased sleep on weight
management is limited. Recently a feasibility study on this
very topic was reported and is underway, but ﬁnal data has
not been reported [153]. Thus, more studies are needed to
ascertain whether increasing sleep duration is an eﬀective
tool in controlling obesity.
6.Psychological Stress
Another one of the factors that may contribute to weight
gain andobesityispsychologicalstress[154].Increasedlevels8 Journal of Nutrition and Metabolism
of perceived stress are thought to inﬂuence eating behavior
[155]. In fact, in a recent paper it was reported that during
stressful conditions approximately 40% of people eat more
food, 40% consume less food, and 20% do not alter their
eating patterns[155]. Tataranni etal. [99]dem on s trat edthat
individuals who were given an exogenous glucocorticoid ate
signiﬁcantly more food throughout the day as compared
to participants who were only given a placebo. Moreover,
during periods of increased stress, certain individuals may
choose foods that are higher in fat and sugar (i.e., comfort
foods). The ingestion of these comfort foods is thought
to improve mood and decrease stress via opioidergic and
dopaminergic neurotransmission [156]. Thus, consuming
these foods can be construed as a type of coping mechanism
to mitigate stress in certain populations. However, if these
energy-dense food choices are consumed chronically in
response to stress, it could theoretically lead to increased
food consumption and ultimately weight gain [156]. The
inﬂuence of psychological stress on various hormone levels
and their eﬀect on hunger and weight management are
areas of interest in obesity research. In particular, cortisol
and ghrelin are two hormones that are possibly thought to
inﬂuence eating following a stressful event [157].
Chronic-stress-induced secretion of cortisol and/or in-
creased HPA axis activation may speciﬁcally contribute to
central/abdominal obesity [158, 159]. Cortisol appears to
aﬀect visceral fat to a greater degree than subcutaneous fat
duetoabdominaladipose tissuehavingincreased celldensity
and more glucocorticoid receptors [158]. Central fat, also
known as visceral obesity, is particularly undesirable because
itisassociated withhypertension, cardiovasculardisease,and
diabetes [158]. Interestingly, the mental stress from tracking
calorie intake alone can induce a stress response and increase
the secretion of cortisol [160].
Research suggests that 24-hour urinary and/or plasma
cortisol have been positively associated with central obesity
[161, 162]. Cortisol levels are believed to peak ∼20–30 min-
utesafterwaking[159].The degree of the cortisolresponse to
waking may be positively related to chronic perceived stress
[159, 163]. Wallerius et al. [163] reported that in 53-year-old
men, morning cortisol values were positively associated with
body mass index, waist to hip ratio (WHR), and abdominal
sagittal diameter. Similarly, another study conducted by
Steptoe and colleagues [159]d e m o n s t r a t e dt h a ti n4 7t o5 9
year-old men there was a signiﬁcant association between
waist to hip ratios and elevated cortisol response to waking
(i.e., 30 minutes after waking). Interestingly, this association
was not observed in women [159]. A more recent study by
Larsson et al. [164] utilizing a large sample of participants
(1671 men and women between 30–75 years old) measured
both morning and delta cortisol (morning minus evening
cortisol). It was demonstrated that salivary cortisol levels
were generally higher in women as compared to men [164].
This ﬁnding is contrary to other studies that have reported
that men were found to have higher cortisol levels than
women [165, 166]. Furthermore, Larsson and cohort [164]
reported that in women abdominal obesity was signiﬁcantly
associated with low morning and delta cortisol, but this
was not observed in men [164]. It was hypothesized by
the authors that an inverse relationship between morning
cortisol and WHR in women may be due to enhanced
clearance rate of cortisol in visceral fat secondary to the
high density of glucocorticoid receptors [164]. Interestingly,
as t u d yb yL j u n ge ta l .[ 167] reported a similar inverse
relationship between morning cortisol and WHR in men as
well. It should be noted that some of the equivocal ﬁndings
in cortisol research may, in part, be due to the diﬀerences in
number of subjects in the studies, the time of day cortisol
is measured, and whether cortisol was measured in the
plasma, urine, or saliva [164]. Thus, it is diﬃcult to make
deﬁnitive statements regarding the diﬀerences of cortisol
levels between sexes; however, it does appear that cortisol
plays a role in development of central adiposity.
Knowing that perceived stress may increase cortisol lev-
els, strategies to reduce psychological stress should be con-
sidered as a means to combat weight gain. Although regular
exercise and a healthy diet are eﬀective ways to mitigate
psychological stress, the focus of this section is to describe
research that has demonstrated alternative ways (i.e., nonex-
ercise or nutrition interventions) to decrease stress and/or
cortisol. Mindfulness-Based Stress Reduction (MBSR),
developed at the University of Massachusetts about 30 years
ago, is a program that attempts to teach people to cope more
eﬀectively with stressors [168]. The MBSR model incorpo-
rates the practice of mindfulness, meditation in a group
setting, group dialogue, daily home practice, and providing
theoretical material related to stress management and the
mind-body connection [168]. Several studies have reported
thatparticipating intheMBSRprogramappearstopositively
aﬀect thestress response and theHPA axis [168].Speciﬁcally,
MBSR reduced cortisol levels in certain diseased states such
as cancer patients [169, 170]. However, other studies that
utilized females with heart disease [171]a n dH I V - i n f e c t e d
males and females [172] did not ﬁnd a signiﬁcant diﬀerence
in cortisol levels with MSBR when compared to a control
group.Althoughtheaforementionedstudieswereindiseased
populationsanddidnotspeciﬁcallylookatweightreduction,
it could be theorized that if cortisol levels could be reduced
via MBSR or another similar modality, then decreases in
weightmaypossiblyresult.However,moreresearch isneeded
before deﬁnitive recommendations can be made.
Ghrelin may also be aﬀected by psychological stress, and,
like cortisol, it may inﬂuence eating [157]. To date, however,
less has been published regarding the eﬀects of perceived
stress on ghrelin in humans. Plasma ghrelin levels have been
shown to increase approximately twofold immediately prior
to a meal and decrease within an hour after the cessation
of eating [135]. Similarly, in other studies, ghrelin tends
to increase linearly with hunger scores [173]. Interestingly,
ghrelin appears to be inversely related to BMI [174, 175]. To
test the eﬀect of stress on ghrelin, Raspopow [157]u t i l i z e d
the Trier Social Stress Test (TSST), which includes public
speaking and an arithmetic problem in front of a panel of
judges and administered it to college-aged women. The
women were categorized as “emotional” or “nonemotional”
eaters via a questionnaire. Blood was taken throughout the
TSST. The investigators reported that regardless of eating
status (i.e., emotional versus nonemotional), ghrelin levelsJournal of Nutrition and Metabolism 9
increased moderately in response to stress [157]. How-
ever, when the participants were given food, ghrelin levels
decreased signiﬁcantly in the nonemotional eaters, but re-
mained stable in the emotional eaters [157]. The authors
concluded that the lack of decline of ghrelin among emo-
tional eaters may provide a continued signal to prolong
eating [157]. One could hypothesize that if this occurred
chronically, it could lead to weight gain.
Rouach et al. [174]e x a m i n e dt h ee ﬀects of psychologi-
cally induced stress on plasma ghrelin levels in patients with
binge-eating disorder (BED) and in healthy subjects of
normal or increased body mass index (BMI). As in the
previous study by Raspopow [157], all participants were
subjected to the TSST. In addition to other variables, plasma
ghrelin levels were measured throughout the test. Equally
important, subjects were requested to rate their urge to
eat uncontrollably, subjective feelings of stress, and desire
to eat sweets via a visual analog scale both prior to and
after the TSST [174]. The investigators reported that after
correcting forgender, age,and BMIthere were no diﬀerences
in ghrelin levels throughout the test among the groups
or over time in each individual group [174]. However, a
signiﬁcant diﬀerence in ghrelin was observed after the three
groups were reanalyzed according to their cortisol response
tostress [174].Speciﬁcally,ghrelinlevelsincreased incortisol
responders, but either no change or a decrease in ghrelin
levels was observed in cortisol nonresponders [174]. The
authors ultimately concluded that ghrelin was independent
of BMI and that psychological stress may indeed increase
ghrelin levels, but it does not appear to inﬂuence the drive
to eat uncontrollably or eat sweets after a stressful event
[174].
In conclusion,duetothelimitednumberofhumanstud-
ies, it is diﬃcult to make conclusive statements regarding
the eﬀects of ghrelin on appetite and weight management.
It does appear from scant evidence that perceived stress
may increase ghrelin, but it is unclear whether that would
translate into eating more food following a stressful event.
Given exogenously via an infusion, it has been reported to
increase appetite and subsequent feedings. At this point in
time, however, it is not fully known whether or not stress-
reducing techniques, such as the aforementioned MBSR, can
signiﬁcantly alter ghrelin levels, nor is it known whether
chronic perturbations in ghrelin levels can appreciably aﬀect
long-term weight maintenance. More research is needed in
these areas to draw concrete conclusions.
7.Conclusion
Although changes in the lifestyle factors discussed in this
paper may result in weight control through hormone regu-
lation and non-purposeful calorie restriction, the ultimate
goal of any weight loss strategy is to expend more calories
thanoneingests. Asiswell-known, thismaybeaccomplished
by increasing exercise, by decreasing caloric intake, or
by both simultaneously. More than likely negative caloric
b a l a n c ew i l lh a v et ob er e a c h e dt h r o u g hs o m es o r to f
dietary restriction considering that 30 minutes of running
for a 180 pound individual results in an expenditure of only
about 440 calories [176] which is just about equivalent to
the calories contained in only 6 ounces of 75% fat ground
beef.
The need for novel approaches to control rates of obesity
is warranted. Our paper suggests that various lifestyle factors
can help attenuate the hormonal responses normally associ-
ated with appetite control and regulation. Speciﬁcally, eating
more frequent and smaller meals comprised of moderate
protein levels and lower fat, obtaining normal sleep of 8
hoursaday,andcontrollingstressorsandlevelsofpsycholog-
ical stress could more readily control the levels of “appetite
hormones.” Additionally, it is recommended that exercise,
both endurance and resistance training, should be incorpo-
rated into any lifestyle or behavior enhancement program.
In closing, developmentof a weight loss programrequires an
integrative approach of many professionals including physi-
cians, psychologists, nutritionists, and exercise physiologists
who can as a team propose an optimal personalized strategy
taking into account all aspects of obesity.
References
[1] P. Del Corral, P. C. Chandler-Laney, K. Casazza,B. A. Gower,
and G. R. Hunter, “Eﬀect of dietary adherence with or
without exercise on weight loss: a mechanistic approach to
a global problem,” The Journal of Clinical Endocrinology and
Metabolism, vol. 94, no. 5, pp. 1602–1607, 2009.
[2] L. Blonde, E. J. Klein, J. Han et al., “Interim analysis of the
eﬀects of exenatide treatment onA1C, weight and cardiovas-
cular risk factors over 82 weeks in 314 overweight patients
with type 2 diabetes,” Diabetes, Obesity and Metabolism,v o l .
8, no. 4, pp. 436–447, 2006.
[ 3 ]A .F .v a nd e rL e l y ,M .T s c h o p ,M .L .H e i m a n ,a n dE .G h i g o ,
“Biological, physiological, pathophysiological, and pharma-
cological aspects of ghrelin,” Endocrine Reviews,v o l .2 5 ,p p .
426–457, 2004.
[ 4 ]K .T .B o r e r ,Exercise Endocrinology,H u m a nK i n e t i c s ,C h a m -
paign, Ill, USA, 2003.
[ 5 ]S .C h u n g ,G .H .S o n ,a n dK .K i m ,“ C i r c a d i a nr h y t h mo f
adrenal glucocorticoid: its regulation and clinical implica-
tions,” Biochimica et Biophysica Acta—Molecular Basis of
Disease, vol. 1812, no. 5, pp. 581–591, 2011.
[6] M. G. Myers Jr., R. L. Leibel, R. J.Seeley, andM. W.Schwartz,
“Obesity and leptin resistance: distinguishing cause from
eﬀect,” Trends in Endocrinology and Metabolism,v o l .2 1 ,n o .
11, pp. 643–651, 2010.
[ 7 ]M .H .S t i p a n u k ,Biochemical, Physiological, & Molecular
Aspects of Human Nutrition, Saunders Elsevier,St.Louis,Mo,
USA, 2nd edition, 2006.
[ 8 ] J .M .B e a s l e y ,B .A .A n g e ,C .A .A n d e r s o ne ta l . ,“ A s s o c i a t i o n s
between macronutrient intakeandself-reported appetite and
fasting levels of appetite hormones: results from the optimal
macronutrient intake trial to prevent heart disease,” The
American Journal of Epidemiology, vol. 169, no. 7, pp. 893–
900, 2009.
[9] K. E. Foster-Schubert, J. Overduin, C. E. Prudom et al., “Acyl
and total ghrelin are suppressed strongly by ingested pro-
teins, weakly by lipids, and biphasically by carbohydrates,”
The Journalof Clinical Endocrinologyand Metabolism,vol.93,
no. 5, pp. 1971–1979, 2008.10 Journal of Nutrition and Metabolism
[10] K. P. Kinzig, S. L. Hargrave, J. Hyun, and T. H. Moran, “En-
ergy balance and hypothalamiceﬀects ofa high-protein/low-
carbohydrate diet,” Physiology and Behavior,v o l .9 2 ,n o .3 ,
pp. 454–460, 2007.
[ 1 1 ] A .K o n g ,M .L .N e u h o u s e r ,L .X i a o ,C .M .U l r i c h ,A .M c T i e r -
nan, and K. E. Foster-Schubert, “Higher habitual intake
of dietary fat and carbohydrates are associated with lower
leptin and higher ghrelin concentrations in overweight and
obese postmenopausal women with elevated insulin levels,”
Nutrition Research, vol. 29, no. 11, pp. 768–776, 2009.
[12] M. Misra, P. M. Tsai, N. Mendes, K. K. Miller, and A. Kliban-
ski, “Increased carbohydrate induced ghrelin secretion in
obese vs. normal-weight adolescent girls,” Obesity,v o l .1 7 ,
no. 9, pp. 1689–1695, 2009.
[ 1 3 ] N .Y a n g ,X .L i u ,E .L .D i n ge ta l . ,“ I m p a i r e dg h r e l i nr e s p o n s e
after high-fat meals is associated with decreased satiety in
obese and lean Chinese young adults,” Journal of Nutrition,
vol. 139, no. 7, pp. 1286–1291, 2009.
[14] D. E. Cummings and K. E. Foster, “Ghrelin-leptin tango in
body-weight regulation,”Gastroenterology,vol.124,no.5,pp.
1532–1535, 2003.
[15] D. Tannous dit El Khoury, O. Obeid, S. T. Azar, and N.
Hwalla, “Variations in postprandial ghrelin status following
ingestion of high-carbohydrate, high-fat, and high-protein
meals in males,” Annals of Nutrition and Metabolism, vol. 50,
no. 3, pp. 260–269, 2006.
[16] D. H. St-Pierre, A. D. Karelis, L. Coderre et al., “Association
ofacylated andnonacylatedghrelinwithinsulinsensitivityin
overweight and obese postmenopausal women,” The Journal
of Clinical Endocrinology and Metabolism,v o l .9 2 ,n o .1 ,p p .
264–269, 2007.
[ 1 7 ]C .W .l eR o u x ,M .P a t t e r s o n ,R .P .V i n c e n t ,C .H u n t ,M .A .
Ghatei, and S. R. Bloom, “Postprandial plasma ghrelin is
suppressed proportional to meal calorie content in normal-
weight but not obese subjects,” The Journal of Clinical
Endocrinology and Metabolism, vol. 90, no. 2, pp. 1068–1071,
2005.
[18] P. Monteleone, R. Bencivenga, N. Longobardi, C. Serritella,
and M. Maj, “Diﬀerential responses of circulating ghrelin to
high-fat or high-carbohydrate meal in healthy women,” The
Journal of Clinical Endocrinology and Metabolism,v o l .8 8 ,n o .
11, pp. 5510–5514, 2003.
[19] J. Ratliﬀ,J .O .L e i t e ,R .d eO g b u r n ,M .J .P u g l i s i ,J .V a n -
Heest, and M. L. Fernandez, “Consuming eggs for breakfast
inﬂuences plasmaglucoseandghrelin, whilereducing energy
intake during the next 24 hours in adult men,” Nutrition
Research, vol. 30, no. 2, pp. 96–103, 2010.
[ 2 0 ]D .S .W e i g l e ,P .A .B r e e n ,C .C .M a t t h y se ta l . ,“ Ah i g h -
protein diet induces sustained reductions in appetite, ad libi-
tum caloric intake, and body weight despite compensatory
changesindiurnalplasmaleptinandghrelinconcentrations,”
The American Journal of Clinical Nutrition,v o l .8 2 ,n o .1 ,p p .
41–48, 2005.
[21] H. J. Leidy, M. J. Bossingham, R. D. Mattes, and W. W.
Campbell, “Increased dietary protein consumed at breakfast
leads to an initial and sustained feeling of fullness during
energy restriction compared toothermeal times,”The British
Journal of Nutrition, vol. 101, no. 6, pp. 798–803, 2009.
[ 2 2 ]W .A .B l o m ,A .L l u c h ,A .S t a ﬂ e ue ta l . ,“ E ﬀect of a high-
protein breakfast on the postprandial ghrelin response,” The
American Journalof Clinical Nutrition, vol.83,no.2,pp.211–
220, 2006.
[23] J .H e ,S.V ot ru b a,C .V e nt i,andJ .K rak oﬀ,“Higher incremen-
tal insulin area under the curveduring oral glucose tolerance
test predicts less food intake and weight gain,” International
Journal of Obesity. In press.
[ 2 4 ]A .P e n e s o v a ,C .A .V e n t i ,J .C .B u n t ,S .M .B o n ﬁ g l i o ,S .B .
Votruba,andJ.Krakoﬀ,“Short-term isocaloricmanipulation
of carbohydrate intake: eﬀect on subsequent ad libitum
energy intake,” The European Journal of Nutrition, pp. 1–9,
2010.
[ 2 5 ]R .A lA w a r ,O .O b e i d ,N .H w a l l a ,a n dS .A z a r ,“ P o s t p r a n d i a l
acylated ghrelin status following fat and protein manipula-
tion of meals in healthy young women,” Clinical Science,v o l .
109, no. 4, pp. 405–411, 2005.
[26] R. C. Alfenas and R. D. Mattes, “Inﬂuence of glycemic
index/load on glycemic response, appetite, and food intake
in healthy humans,” Diabetes Care, vol. 28, no. 9, pp. 2123–
2129, 2005.
[27] L.A.Rosen,E.M.Ostman,andI.M.Bjorck,“Eﬀects ofcereal
breakfasts on postprandial glucose, appetite regulation and
voluntary energy intake at a subsequent standardized lunch;
focusing on rye products,” Nutrition Journal, vol. 10, p. 7,
2011.
[28] K. R. Freeland, G. H. Anderson, and T. M. Wolever, “Acute
eﬀects of dietary ﬁbre and glycaemic carbohydrate on
appetite and food intake in healthy males,” Appetite, vol. 52,
no. 1, pp. 58–64, 2009.
[29] R. A. Samra and G. H. Anderson, “Insoluble cereal ﬁber
reduces appetite and short-term food intake and glycemic
response to food consumed 75 min later by healthy men,”
The American Journal of Clinical Nutrition, vol. 86, no. 4, pp.
972–979, 2007.
[ 3 0 ] R .D .M a t t e sa n dW .W .C a m p b e l l ,“ E ﬀects of food form and
timing of ingestion on appetite and energy intake in lean
young adults and in young adults with obesity,” Journal of the
American Dietetic Association, vol. 109, no. 3, pp. 430–437,
2009.
[ 3 1 ]A .J .S t u l l ,J .W .A p o l z a n ,A .E .T h a l a c k e r - M e r c e r ,H .B .I g l a y ,
and W. W. Campbell, “Liquid and solid meal replacement
products diﬀerentially aﬀect postprandial appetite and food
intake in older adults,” Journal of the American Dietetic
Association, vol. 108, no. 7, pp. 1226–1230, 2008.
[ 3 2 ]T .P .S o l o m o n ,E .S .C h a m b e r s ,A .E .J e u k e n d r u p ,A .A .
Toogood,andA. K.Blannin,“The eﬀect of feeding frequency
on insulin and ghrelin responses in human subjects,” The
British JournalofNutrition,vol.100,no.4,pp.810–819,2008.
[33] K. S. Stote, D. J. Baer, K. Spears et al., “A controlled trial
of reduced meal frequency without caloric restriction in
healthy, normal-weight, middle-aged adults,” The American
Journal ofClinicalNutrition, vol.85,no.4,pp.981–988,2007.
[34] A. M.Toschke,H. K¨ uchenhoﬀ,B .K ole t zk o ,andR .v onK rie s,
“Meal frequency and childhood obesity,” Obesity Research,
vol. 13, no. 11, pp. 1932–1938, 2005.
[ 3 5 ]S .T .O d u n s i ,M .I .V a z q u e z - R o q u e ,M .C a m i l l e r ie ta l . ,
“Eﬀect of alginate on satiation, appetite, gastric function,
andselected gutsatietyhormonesinoverweight andobesity,”
Obesity, vol. 18, pp. 1579–1584, 2010.
[36] J. Huber, E. E. Reiterer, K. Sudi et al., “Ghrelin does not
regulate the GH response to insulin-induced hypoglycaemia
in children but could be involved in the regulation ofcortisol
secretion,” Clinical Endocrinology, vol.66,no.1,pp. 143–147,
2007.
[ 3 7 ]P .M o n t e l e o n e ,M .F a b r a z z o ,A .T o r t o r e l l a ,V .M a r t i a d i s ,C .
Serritella, and M. Maj, “Circulating ghrelin is decreased in
non-obese and obese women with binge eating disorder as
well as in obese non-binge eating women,but not in patientsJournal of Nutrition and Metabolism 11
withbulimianervosa,”Psychoneuroendocrinology,v ol.30,no .
3, pp. 243–250, 2005.
[38] J.M.GarciaandW .J.P olvino,“Pharmacodynamichormonal
eﬀects of anamorelin, a novel oral ghrelin mimetic and
growthhormonesecretagogue inhealthyvolunteers,”Growth
Hormone and IGF Research, vol.19, no. 3, pp. 267–273, 2009.
[ 3 9 ]K .J .S m i t h ,S .L .G a l l ,S .A .M c N a u g h t o n ,L .B l i z z a r d ,T .
Dwyer, and A. J. Venn, “Skipping breakfast: longitudinal
associations with cardiometabolic risk factors in the child-
hood determinants of adult health study,” The American
Journal of Clinical Nutrition, vol. 92, no. 6, pp. 1316–1325,
2010.
[ 4 0 ]D .E .F l a n a g a n ,M .L .E v a n s ,T .P .M o n s o de ta l . ,“ T h ei n ﬂ u -
ence of insulin on circulating ghrelin,” The American Journal
of Physiology—Endocrinology and Metabolism, vol. 284, pp.
E313–E316, 2003.
[ 4 1 ]S .S .D a m j a n o v i c ,N .M .L a l i c ,P .M .P e s k oe ta l . ,“ A c u t e
eﬀects of ghrelin on insulin secretion and glucose disposal
rate in gastrectomized patients,” The Journal of Clinical
Endocrinology and Metabolism, vol. 91, no. 7, pp. 2574–2581,
2006.
[42] C. Anderwald, G. Brabant, E. Bernroider et al., “Insulin-
dependent modulation of plasma ghrelin and leptin con-
c e n t r a t i o n si sl e s sp r o n o u n c e di nt y p e2d i a b e t i cp a t i e n t s , ”
Diabetes, vol. 52, no. 7, pp. 1792–1798, 2003.
[43] P.Lucidi, G. Murdolo,C. Di Loreto et al.,“Ghrelin isnot nec-
essary for adequate hormonal counterregulation of insulin-
induced hypoglycemia,” Diabetes, vol. 51, no. 10, pp. 2911–
2914, 2002.
[ 4 4 ]T .M c L a u g h l i n ,F .A b b a s i ,C .L a m e n d o l a ,R .S .F r a y o ,a n dD .
E. Cummings, “Plasma ghrelin concentrations are decreased
in insulin-resistant obese adults relative to equally obese
insulin-sensitivecontrols,”TheJournal ofClinical Endocrinol-
ogy and Metabolism, vol. 89, pp. 1630–1635, 2004.
[45] B.Otto,M.T sch¨ op,W.Heldwein,A.F.Pfeiﬀer,andS.Dieder-
ich, “Endogenous and exogenous glucocorticoids decrease
plasma ghrelin in humans,” The European Journal of Endo-
crinology, vol. 151, no. 1, pp. 113–117, 2004.
[46] R. Nass, S. S. Pezzoli, M. C. Oliveri et al., “Eﬀects of an oral
ghrelin mimetic on body composition and clinical outcomes
inhealthyolderadults:arandomizedtrial,”Annals of Internal
Medicine, vol. 149, no. 9, pp. 601–611, 2008.
[47] A. Laviano, Z. Krznaric, K. Sanchez-Lara, I. Preziosa, A.
Cascino,andF.RossiFanelli,“Chronicrenalfailure,cachexia,
and ghrelin,” International Journal of Peptides, vol. 2010,
Article ID 648045, 5 pages, 2010.
[48] S. Soule, C. Pemberton, P. Hunt, D. Cole, S. Raudseppt,
and W. Inder, “Prandial regulation of ghrelin secretion in
humans: does glucagon contribute to the preprandial in-
crease in circulating ghrelin?” Clinical Endocrinology,v o l .6 3 ,
no. 4, pp. 412–417, 2005.
[49] R. Dall, J. Kanaley, T. K. Hansen et al., “Plasma ghrelin levels
during exercise in healthy subjects and in growth hormone-
deﬁcient patients,” The European Journal of Endocrinology,
vol. 147, no. 1, pp. 65–70, 2002.
[ 5 0 ] J .E r d m a n n ,R .T a h b a z ,F .L i p p l ,S .W a g e n p f e i l ,a n dV .S c h u s -
dziarra, “Plasma ghrelin levels during exercise—eﬀects of
intensity and duration,” Regulatory Peptides, vol. 143, pp.
127–135, 2007.
[51] K. E. Foster-Schubert, A. McTiernan, R. S. Frayo et al.,
“Human plasma ghrelin levels increase during a one-year
exercise program,” The Journal of Clinical Endocrinology and
Metabolism, vol. 90, no. 2, pp. 820–825, 2005.
[52] H. J.Leidy, J.K. Gardner, B.R. Frye et al.,“Circulating ghrelin
is sensitive to changes in body weight during a diet and exer-
cise program in normal-weight young women,” The Journal
of Clinical Endocrinology and Metabolism,v o l .8 9 ,n o .6 ,p p .
2659–2664, 2004.
[ 5 3 ]M .E .G o r d o n ,K .H .M c K e e v e r ,C .L .B e t r o s ,a n dH .C .
Manso Filho, “Exercise-induced alterations in plasma con-
centrations of ghrelin, adiponectin, leptin, glucose, insulin,
and cortisol inhorses,”Veterinary Journal, vol.173, no.3, pp.
532–540, 2007.
[54] M.E.Gor don,K.H.M cK eev er ,C.L.Betr os,andH.C.Manso
Filho, “Plasma leptin, ghrelin and adiponectin concentra-
tions in young ﬁt racehorses versus mature unﬁt standard-
breds,” Veterinary Journal, vol. 173, no. 1, pp. 91–100, 2007.
[55] U. Andersson, J. T. Treebak, J. N. Nielsen et al., “Exercise in
rats does not alter hypothalamic AMP-activated protein
kinase activity,” Biochemical and Biophysical Research Com-
munications, vol. 329, no. 2, pp. 719–725, 2005.
[56] E.Ebal,H.Cavalie,O .Mic haux,andG.Lac,“Eﬀect ofamod-
erate exercise on the regulatory hormones of food intake in
rats,” Appetite, vol. 49, no. 2, pp. 521–524, 2007.
[57] S. F. Burns, D. R. Broom, M. Miyashita, C. Mundy, and D. J.
Stensel, “A single session of treadmill running has no eﬀect
on plasma total ghrelin concentrations,” Journal of Sports
Sciences, vol. 25, no. 6, pp. 635–642, 2007.
[58] R. R. Kraemer, R. J. Durand, E. O. Acevedo et al., “Rigorous
running increases growth hormone and insulin-like growth
factor-I without altering ghrelin,” Experimental Biology and
Medicine, vol. 229, no. 3, pp. 240–246, 2004.
[59] A. Schmidt, C. Maier, G. Schaller et al., “Acute exercise has
no eﬀect on ghrelin plasma concentrations,” Hormone and
Metabolic Research, vol. 36, no. 3, pp. 174–177, 2004.
[60] R. R. Kraemer, R. J. Durand, D. B. Hollander, J. L. Tryniecki,
E. P. Hebert, and V. D. Castracane, “Ghrelin and other glu-
coregulatory hormone responses to eccentric and concentric
muscle contractions,” Endocrine, vol. 24, no. 1, pp. 93–98,
2004.
[61] K.Toshinai,T. Kawagoe,T.Shimbaraetal.,“Acute incremen-
tal exercise decreases plasma ghrelin level in healthy men,”
Hormone and Metabolic Research, vol. 39, no. 11, pp. 849–
851, 2007.
[62] R. Fathi, A. Ghanbari-Niaki, R. R. Kraemer, E. Talebi-Gara-
kani, and M. Saghebjoo, “The eﬀect of exercise intensity on
plasma and tissue acyl ghrelin concentrations in fasted rats,”
Regulatory Peptides, vol. 165, no. 2-3, pp. 133–137, 2010.
[63] M. Kojima, H. Hosoda, Y. Date, M. Nakazato, H. Matsuo,
and K. Kangawa, “Ghrelin is a growth-hormone-releasing
acylated peptide from stomach,” Nature, vol. 402, no. 6762,
pp. 656–660, 1999.
[ 6 4 ]K .T .B o r e r ,E .W u o r i n e n ,C .C h a o ,a n dC .B u r a n t ,“ E x e r c i s e
energy expenditure is not consciously detected due to oro-
gastric, not metabolic, basis of hunger sensation,” Appetite,
vol. 45, no. 2, pp. 177–181, 2005.
[65] E. R. Christ, M. Zehnder, C. Boesch et al., “The eﬀect of
increased lipid intake on hormonalresponses during aerobic
exercise in endurance-trained men,” The European Journal of
Endocrinology, vol. 154, no. 3, pp. 397–403, 2006.
[66] J. Jurimae, P. Hofmann, T. Jurimae et al., “Plasma ghrelin
responses to acute sculling exercises in elite male rowers,”
The European Journal of Applied Physiology,v o l .9 9 ,n o .5 ,p p .
467–474, 2007.
[ 6 7 ]P .S .M o r p u r g o ,M .R e s n i k ,F .A g o s t i ,V .C a p p i e l l o ,A .S a r t o -
rio, and A. Spada, “Ghrelin secretion in severely obese sub-
jects before and after a 3-week integrated body mass12 Journal of Nutrition and Metabolism
reduction program,” JournalofEndocrinological Investigation,
vol. 26, no. 8, pp. 723–727, 2003.
[ 6 8 ] E .V .M e n s h i k o v a ,V .B .R i t o v ,F .G .T o l e d o ,R .E .F e r r e l l ,B .H .
Goodpaster,andD.E.Kelley,“Eﬀects ofweightlossandphys-
ical activity on skeletal muscle mitochondrial function in
obesity,” The American Journal of Physiology—Endocrinology
and Metabolism, vol. 288, pp. E818–E825, 2005.
[69] V.B.Ritov, E. V.Menshikova,J.He,R. E. Ferrell, B.H. Good-
paster, and D. E. Kelley, “Deﬁciency of subsarcolemmal
mitochondria in obesity and type 2 diabetes,” Diabetes,v o l .
54, no. 1, pp. 8–14, 2005.
[70] B.Sirikul,B.A.Gower,G.R.Hunter, D.E.Larson-Meyer,and
B. R. Newcomer, “Relationship between insulin sensitivity
and in vivo mitochondrial function in skeletal muscle,”
The American Journal of Physiology—Endocrinology and
Metabolism, vol. 291, no. 4, pp. E724–E728, 2006.
[71] F. G. Toledo, E. V. Menshikova, V. B. Ritov et al., “Eﬀects of
physical activity and weight loss on skeletal muscle mito-
chondria and relationship with glucose control in type 2
diabetes,” Diabetes, vol. 56, no. 8, pp. 2142–2147, 2007.
[72] P .J .A r cier o ,M.D .V ukovic h,J .O .H olloszy ,S.B.Rac ett e,and
W. M. Kohrt, “Comparison of short-term diet and exercise
on insulin action in individuals with abnormal glucose
tolerance,” Journal of Applied Physiology,v o l .8 6 ,n o .6 ,p p .
1930–1935, 1999.
[ 7 3 ]G .E .D u n c a n ,M .G .P e r r i ,D .W .T h e r i a q u e ,A .D .H u t s o n ,
R. H. Eckel, and P. W. Stacpoole, “Exercise training, without
weight loss, increases insulin sensitivity and postheparin
plasma lipase activity in previously sedentary adults,” Dia-
betes Care, vol. 26, no. 3, pp. 557–562, 2003.
[74] E. Luciano,E. M.Carneiro, C.R. Carvalhoet al.,“Endurance
training improves responsiveness to insulin and modu-
lates insulin signal transduction through the phosphatidyli-
nositol 3-kinase/Akt-1 pathway,” The European Journal of
Endocrinology, vol. 147, no. 1, pp. 149–157, 2002.
[75] J. R. Brestoﬀ,B .C l i p p i n g e r ,T .S p i n e l l a ,S .P .v o nD u v i l l a r d ,
B. C. Nindl, and P. J. Arciero, “An acute bout of endurance
exercise but not sprint interval exercise enhances insulin
sensitivity,” Applied Physiology, Nutrition and Metabolism,
vol. 34, no. 1, pp. 25–32, 2009.
[76] W. J. Kraemer and N. A. Ratamess, “Hormonal responses
and adaptations to resistance exercise and training,” Sports
Medicine, vol. 35, no. 4, pp. 339–361, 2005.
[ 7 7 ]G .B i o l o ,K .D .T i p t o n ,S .K l e i n ,a n dR .R .W o l f e ,“ A na b u n -
dant supply of amino acids enhances the metabolic eﬀect
of exercise on muscle protein,” The American Journal of
Physiology—Endocrinology and Metabolism, vol. 273, no. 1,
pp. E122–E129, 1997.
[ 7 8 ]E .B ø r s h e i m ,M .G .C r e e ,K .D .T i p t o n ,T .A .E l l i o t t ,A .A a r s -
land, and R. R. Wolfe, “Eﬀect of carbohydrate intake on
net muscle protein synthesis during recovery from resistance
exercise,” JournalofAppliedPhysiology,vol.96,no.2,pp.674–
678, 2004.
[ 7 9 ]J .P .T h y f a u l t ,M .J .C a r p e r ,S .R .R i c h m o n d ,M .W .H u l v e r ,
a n dJ .A .P o t t e i g e r ,“ E ﬀects of liquid carbohydrate ingestion
on markers of anabolism following high-intensity resistance
exercise,” The Journal of Strength and Conditioning Research,
vol. 18, no. 1, pp. 174–179, 2004.
[80] R. R. Wolfe, “Eﬀects of insulin on muscle tissue,” Current
Opinion in Clinical Nutrition and Metabolic Care,v o l .3 ,n o .
1, pp. 67–71, 2000.
[81] T. Raastad, T. Bjøro, and J. Hall´ en, “Hormonal responses
to high- and moderate-intensity strength exercise,” The
European Journal of Applied Physiology,v o l .8 2 ,n o .1 - 2 ,p p .
121–128, 2000.
[ 8 2 ]R .J .B l o o m e r ,G .A .S f o r z o ,a n dB .A .K e l l e r ,“ E ﬀects of meal
form and composition on plasma testosterone, cortisol, and
insulin followingresistance exercise,” International Journal of
Sport Nutrition, vol. 10, no. 4, pp. 415–424, 2000.
[83] W. J. Kraemer, J. S. Volek, J. A. Bush, M. Putukian, and W.
J. Sebastianelli, “Hormonal responses to consecutive days
of heavy-resistance exercise with or without nutritional
supplementation,” Journal of Applied Physiology, vol. 85, no.
4, pp. 1544–1555, 1998.
[84] A. G. Williams, A. N. Ismail, A. Sharma, and D. A. Jones,
“Eﬀects of resistance exercise volumeand nutritional supple-
mentation on anabolic and catabolic hormones,” The Euro-
pean JournalofApplied Physiology,vol.86,no.4,pp.315–321,
2002.
[85] B. Crewther, J. Keogh, J. Cronin, and C. Cook, “Possible
stimuli for strength and power adaptation: acute hormonal
responses,” SportsMedicine,vol.36,no.3,pp. 215–238,2006.
[ 8 6 ]B .T .C r e w t h e r ,C .C o o k ,M .C a r d i n a l e ,R .P .W e a t h e r b y ,a n d
T. Lowe,“Two emergingconcepts forelite athletes:the short-
term eﬀects of testosterone and cortisol on the neuromus-
cular system and the dose-response training role of these
endogenous hormones,” Sports Medicine,v o l .4 1 ,n o .2 ,p p .
103–123, 2011.
[87] B. Crewther, J. Cronin, J. Keogh, and C. Cook, “The salivary
testosterone and cortisol response to three loading schemes,”
TheJournalofStrengthandConditioningResearch,vol.22,no.
1, pp. 250–255, 2008.
[88] G. O. McCaulley, J. M. McBride, P. Cormie et al., “Acute
hormonal and neuromuscular responses to hypertrophy,
strength and power type resistane exercise,” The European
Journal of Applied Physiology, vol. 105, no. 5, pp. 695–704,
2009.
[89] I.Smilios,T.Pilianidis,M.Karamouzis,andS.P.Tokmakidis,
“Hormonalresponses after various resistance exercise proto-
cols,” Medicine and Science in Sports and Exercise, vol. 35, no.
4, pp. 644–654, 2003.
[90] B.SalehianandK.Kejriwal,“Glucocorticoid-induced muscle
atrophy: mechanisms and therapeutic strategies,” Endocrine
Practice, vol. 5, pp. 277–281, 1999.
[91] E. Baulieu and P. Robel, “Catabolism of testosterone and
androstenedione,” in The Androgens of the Testis,K .E i k - N e s ,
Ed., pp. 50–70, Marcel Dekker, New York, NY, USA, 1970.
[92] J. R. Florini, “Eﬀects of testosterone on qualitative pattern of
protein synthesis in skeletal muscle,” Biochemistry,v o l .9 ,n o .
4, pp. 909–912, 1970.
[93] S. Bhasin, T. W. Storer, N. Berman et al., “The eﬀects
of supraphysiologic doses of testosterone on muscle size
and strength in normal men,” The New England Journal of
Medicine, vol. 335, no. 1, pp. 1–7, 1996.
[94] J. L. Vingren, W. J. Kraemer, D. L. Hatﬁeld et al., “Eﬀect of
resistanceexercise onmusclesteroidreceptor proteincontent
in strength-trained men and women,” Steroids, vol. 74, no.
13-14, pp. 1033–1039, 2009.
[95] A. C. Hackney, “Stress and the neuroendocrine system: the
role of exercise as a stressor and modiﬁer of stress,” Expert
Review of Endocrinology and Metabolism,vol. 1, pp. 783–792,
2006.
[96] R. McMurray andA. Hackney,“Endocrine responses to exer-
cise and training,” in Exercise and Sport Science,W .G a r r e t t
and D. Kirkendall, Eds., pp. 135–161, Lippincott Williams &
Wilkins, Philadelphia, Pa, USA, 2000.Journal of Nutrition and Metabolism 13
[97] A. Viru and M. Viru, “Cortisol—essential adaptation hor-
mone in exercise,” International Journal of Sports Medicine,
vol. 25, no. 6, pp. 461–464, 2004.
[98] E. E. Hill, E. Zacki, C. Battaglini, M. Viru, A. Viru, and
A. C. Hackney, “Exercise and circulating cortisol levels:
the intensity threshold eﬀect,” Journal of Endocrinological
Investigation, vol. 31, no. 7, pp. 587–591, 2008.
[99] P. A. Tataranni, D. E. Larson, S. Snitker, J. B. Young, J. P.
Flatt, and E. Ravussin, “Eﬀects of glucocorticoids on energy
metabolism and food intake in humans,” The American
Journal of Physiology—Endocrinology and Metabolism,v o l .
271, no. 2, pp. E317–E325, 1996.
[100] E. T. Uchoa, H. A. C. Sabino, S. G. Ruginsk, J. Antunes-
Rodrigues, andL.L.K. Elias,“Hypophagiainduced by gluco-
corticoiddeﬁciency isassociatedwith anincreased activation
of satiety-related responses,” Journal of Applied Physiology,
vol. 106, no. 2, pp. 596–604, 2009.
[101] M. S. Tremblay, J. L. Copeland, and W. Van Helder, “Inﬂu-
ence of exercise duration on post-exercise steroid hormone
responses in trained males,” The European Journal of Applied
Physiology, vol. 94, no. 5-6, pp. 505–513, 2005.
[102] W.J.Kraemer,R.S.Staron,F.C.Hagermanetal.,“Theeﬀects
of short-term resistance training on endocrine function in
menandwomen,”TheEuropeanJournalofAppliedPhysiology
and Occupational Physiology, vol. 78, no. 1, pp. 69–76, 1998.
[103] K. H¨ akkinen and A. Pakarinen, “Acute hormonal responses
to heavy resistance exercise in men and women at diﬀerent
ages,” International Journal of Sports Medicine,v o l .1 6 ,n o .8 ,
pp. 507–513, 1995.
[104] P. A. Farrell, T. L. Garthwaite, and A. B. Gustafson, “Plasma
adrenocorticotropin and cortisol responses to submaximal
and exhaustive exercise,” Journal of Applied Physiology,v o l .
55, no. 5, pp. 1441–1444, 1983.
[105] C. M. Maresh, M. J. Whittlesey, L. E. Armstrong et al.,
“Eﬀect of hydration state on testosterone and cortisol
responsestotraining-intensityexerciseincollegiaterunners,”
International Journal of Sports Medicine, vol. 27, no. 10, pp.
765–770, 2006.
[106] J. E. Wilkerson, S. M. Horvath, and B. Gutin, “Plasma
testosterone during treadmill exercise,” Journal of Applied
Physiology, vol. 49, no. 2, pp. 249–253, 1980.
[107] M. Viru, A. C. Hackney, T. Janson,K. Karelson, and A. Viru,
“Characterization of the cortisol response to incremental
exercise in physically active young men,” Acta Physiologica
Hungarica, vol. 95, no. 2, pp. 219–227, 2008.
[108] T. Vuorimaa, M. Ahotupa, K. H¨ akkinen, and T. Vasankari,
“Diﬀerent hormonal response to continuous and intermit-
tent exercise in middle-distance and marathon runners,”
Scandinavian Journal of Medicine and Science in Sports,v o l .
18, no. 5, pp. 565–572, 2008.
[109] V. A. Bussau, L. D. Ferreira, T. W. Jones, and P. A. Fournier,
“The 10-s maximal sprint: a novel approach to counter an
exercise-mediated fall in glycemia in individuals with type 1
diabetes,” Diabetes Care, vol. 29, no. 3, pp. 601–606, 2006.
[110] V. Snegovskaya and A. Viru, “Steroid and pituitary hormone
responses to rowing: relative signiﬁcanceof exercise intensity
and duration and performance level,” The European Journal
ofAppliedPhysiologyandOccupational Physiology,vol.67,no.
1, pp. 59–65, 1993.
[111] R.W.Keneﬁck,C.M.Maresh,L.E.Armstrongetal.,“Plasma
testosterone and cortisol responses to training-intensity
exercise in mildandhotenvironments,”International Journal
of Sports Medicine, vol. 19, no. 3, pp. 177–181, 1998.
[112] S. Rojas Vega, H. K. Str¨ uder, B. Vera Wahrmann,A. Schmidt,
W. Bloch, and W. Hollmann, “Acute BDNF and cortisol
response to low intensity exercise and following ramp incre-
mental exercise to exhaustion in humans,” Brain Research,
vol. 1121, no. 1, pp. 59–65, 2006.
[113] E. L. Cadore, F. L. R. Lhullier, M. A. Brentano et al., “Hor-
monal responses to resistance exercise in long-term trained
anduntrainedmiddle-aged men,”TheJournal ofStrengthand
Conditioning Research, vol. 22, no. 5, pp. 1617–1624, 2008.
[114] M. Hosseini and H. Aghaalinejad, “Eﬀect of concurrent
training on salivary IgA, cortisol, DHEA concentration and
DHEA cortisol ratio in untrained females,” The Iranian
Journal of Endocrinology and Metabolism, vol. 11, pp. 293–
299, 2009.
[115] M. S. Tremblay, J. L. Copeland, and W. Van Helder, “Eﬀect
of training status and exercise mode on endogenous steroid
hormones in men,” Journal of Applied Physiology, vol. 96, no.
2, pp. 531–539, 2004.
[116] G. E. McCall, W. C. Byrnes, S. J. Fleck, A. Dickinson, and W.
J. Kraemer, “Acute and chronic hormonal responses to resis-
tancetrainingdesignedtopromotemusclehypertrophy,” The
Canadian Journal of Applied Physiology,vol.24,no.1,pp. 96–
107, 1999.
[117] J. B. Boone Jr., C. P. Lambert, M. G. Flynn, T. J. Michaud,
J. A. Rodriguez-Zayas, and F. F. Andres, “Resistance exercise
eﬀects on plasma cortisol, testosterone and creatine kinase
activity in anabolic-androgenic steroid users,” International
Journal of Sports Medicine, vol. 11, no. 4, pp. 293–297, 1990.
[118] L. M. Redman, L. K. Heilbronn, C. K. Martin et al., “Eﬀect
of calorie restriction with or without exercise on body
composition and fat distribution,” The Journal of Clinical
Endocrinology and Metabolism, vol. 92, no. 3, pp. 865–872,
2007.
[119] P. A. Ades, P. D. Savage, M. J. Toth et al., “High-calorie-
expenditure exercise: a new approach to cardiac rehabilita-
tion for overweight coronary patients,” Circulation, vol. 119,
no. 20, pp. 2671–2678, 2009.
[120] E. E. Noreen, M. J. Sass, M. L. Crowe, V. A. Pabon, J.
Brandauer, and L. K. Averill, “Eﬀects of supplemental ﬁsh
oil on resting metabolic rate, body composition,and salivary
cortisol in healthy adults,” Journal of the International Society
of Sports Nutrition, vol. 7, article 31, 2010.
[121] K. E. Bethin, S. K. Vogt, and L. J. Muglia, “Interleukin-6 is
an essential, corticotropin-releasing hormone-independent
stimulator of the adrenal axis during immune system acti-
vation,” Proceedings of the National Academy of Sciences of the
UnitedStatesofAmerica, vol.97,no.16,pp.9317–9322,2000.
[122] M. A. Starks, S. L. Starks, M. Kingsley, M. Purpura, and
R. J¨ ager, “The eﬀects of phosphatidylserine on endocrine
response to moderate intensity exercise,” Journal of the Inter-
national Society of Sports Nutrition, vol. 5, article 11, 2008.
[123] J. P. Chaput, J. P. Despr´ es, C. Bouchard, and A. Tremblay,
“The association between sleep duration and weight gain in
adults: a 6-year prospective study from the Quebec Family
Study,” Sleep, vol. 31, no. 4, pp. 517–523, 2008.
[124] R. von Kries, A. M. Toschke, H. Wurmser, T. Sauerwald, and
B. Koletzko, “Reduced risk for overweight and obesity in 5-
and 6-y-old children by duration of sleep—a cross-sectional
study,” International Journal of Obesity and Related Metabolic
Disorders, vol. 26, no. 5, pp. 710–716, 2002.
[125] L. A. Lytle, K. E. Pasch, and K. Farbakhsh, “The relationship
between sleep and weight in a sample of adolescents,”
Obesity, vol. 19, no. 2, pp. 324–331, 2011.14 Journal of Nutrition and Metabolism
[126] Z.Shi,A.W.Taylor,T.K.Gill,J.Tuckerman,R.Adams,andJ.
Martin, “Short sleep duration and obesity among Australian
children,” BMC Public Health, vol. 10, article 609, 2010.
[127] K. G. Hairston, M. Bryer-Ash, J. M. Norris, S. Haﬀner, D. W.
Bowden, and L. E. Wagenknecht, “Sleep duration and ﬁve-
year abdominal fat accumulation in a minority cohort: the
IRAS family study,” Sleep, vol. 33, no. 3, pp. 289–295, 2010.
[128] F. P. Cappuccio, F. M. Taggart, N. B. Kandala et al., “Meta-
analysis of short sleep duration and obesity in children and
adults,” Sleep, vol. 31, no. 5, pp. 619–626, 2008.
[129] S. Stranges, J. M. Dorn, M. J. Shipley et al., “Correlates of
short and long sleep duration: a cross-cultural comparison
between the United Kingdom and the United States: the
Whitehall II Study and the Western New York Health Study,”
The American Journal of Epidemiology, vol. 168, no. 12, pp.
1353–1364, 2008.
[130] M. K. Sinha, J. P. Ohannesian, M. L. Heiman et al., “Noctur-
nal rise of leptin in lean, obese, and non-insulin-dependent
diabetes mellitus subjects,” Journal of Clinical Investigation,
vol. 97, no. 5, pp. 1344–1347, 1996.
[131] D. A. Schoeller, L. K. Cella, M. K. Sinha, and J. F. Caro,
“Entrainmentofthe diurnalrhythm ofplasmaleptin to meal
timing,” Journal of Clinical Investigation, vol. 100, no. 7, pp.
1882–1887, 1997.
[132] J. M. Mullington, J. L. Chan, H. P. Van Dongen et al., “Sleep
loss reduces diurnal rhythm amplitude of leptin in healthy
men,” Journal of Neuroendocrinology, vol. 15, no. 9, pp. 851–
854, 2003.
[133] K. Spiegel, R. Leproult, M. L’Hermite-Bal´ eriaux, G. Copin-
sc hi,P .D .P e nev ,andE .V anC au t e r ,“ L e p t inlev e lsar ed e p e n-
dent on sleep duration: relationships with sympathovagal
balance, carbohydrate regulation, cortisol, and thyrotropin,”
Journal of Clinical Endocrinology and Metabolism,v o l .8 9 ,n o .
11, pp. 5762–5771, 2004.
[134] S. Taheri, L. Lin, D. Austin, T. Young, and E. Mignot, “Short
sleep duration is associated with reduced leptin, elevated
ghrelin, and increased body mass index,” PLoS Medicine,v o l .
1, article e62, 2004.
[135] D. E. Cummings, J. Q. Purnell, R. S. Frayo, K. Schmidova,
B. E. Wisse, and D. S. Weigle, “A preprandial rise in plasma
ghrelin levels suggests a role in meal initiation in humans,”
Diabetes, vol. 50, no. 8, pp. 1714–1719, 2001.
[136] A.Dzaja, M.A.Dalal,H. Himmerich,M. Uhr,T. Pollm¨ acher,
andA.Schuld,“Sleepenhancesnocturnalplasmaghrelinlev-
els in healthy subjects,” The American Journal of Physiology—
Endocrinology and Metabolism, vol. 286, pp. E963–E967,
2004.
[137] P. Schuessler, M. Uhr, M. Ising, D. Schmid, J. Weikel, and
A. Steiger, “Nocturnal ghrelin levels—relationship to sleep
EEG, the levels of growth hormone, ACTH and cortisol—
and gender diﬀerences,” Journal of Sleep Research,v o l .1 4 ,n o .
4, pp. 329–336, 2005.
[138] J. C. Weikel, A. Wichniak, M. Ising et al., “Ghrelin promotes
slow-wave sleep in humans,” The American Journal of Phys-
iology—Endocrinology and Metabolism, vol. 284, pp. E407–
E415, 2003.
[139] T. L. Horvath, S. Diano, P. Sotonyi, M. Heiman, and M.
Tsch¨ op, “Minireview: ghrelin and the regulation of energy
balance—a hypothalamic perspective,” Endocrinology,v o l .
142, no. 10, pp. 4163–4169, 2001.
[140] M. Kumari, E. Badrick, J. Ferrie, A. Perski, M. Marmot, and
T. Chandola, “Self-reported sleep duration and sleep distur-
bance are independently associated with cortisol secretion in
the Whitehall II study,” Journal of Clinical Endocrinology and
Metabolism, vol. 94, no. 12, pp. 4801–4809, 2009.
[141] A. Omisade, O. M. Buxton, and B. Rusak, “Impact of acute
sleep restriction on cortisol and leptin levels in young
women,”Physiologyand Behavior, vol.99,no.5,pp.651–656,
2010.
[142] L. Hellman, F. Nakada, J. Curti et al., “Cortisol is secreted
episodically by normal man,” Journal of Clinical Endocrinol-
ogy and Metabolism, vol. 30, no. 4, pp. 411–422, 1970.
[143] E. D. Weitzman, D. Fukushima, C. Nogeire, H. Roﬀwarg, T.
F. Gallagher, and L. Hellman, “Twenty-four hour pattern of
the episodic secretion of cortisol in normalsubjects,” Journal
of Clinical Endocrinology and Metabolism,v o l .3 3 ,n o .1 ,p p .
14–22, 1971.
[144] H. Wu,Z.Zhao,W.S.Stoneet al.,“Eﬀects ofsleep restriction
periods on serum cortisol levels in healthy men,” Brain
Research Bulletin, vol. 77, no. 5, pp. 241–245, 2008.
[145] J. W. Newcomer, G. Selke, A. K. Melson, J. Gross, G.
P. Vogler, and S. Dagogo-Jack, “Dose-dependent cortisol-
induced increases in plasma leptin concentration in healthy
humans,” Archives of General Psychiatry, vol. 55, no. 11, pp.
995–1000, 1998.
[146] A. Leal-Cerro, A. Soto, M. A. Mart´ ınez, C. Dieguez, and F. F.
Casanueva, “Inﬂuence of cortisol status on leptin secretion,”
Pituitary, vol. 4, no. 1-2, pp. 111–116, 2001.
[147] M. Wauters, R. V. Considine, and L. F. Van Gaal, “Human
leptin: from an adipocyte hormone to an endocrine media-
tor,” The European Journal of Endocrinology, vol. 143, no. 3,
pp. 293–311, 2000.
[148] K. Spiegel, K. Knutson, R. Leproult, E. Tasali, and E. Van
Cauter, “Sleep loss: a novel risk factor for insulin resistance
and type 2 diabetes,” Journal of Applied Physiology,v o l .9 9 ,
no. 5, pp. 2008–2019, 2005.
[149] K. Spiegel, R. Leproult, and E. Van Cauter, “Impact of sleep
debt on metabolic and endocrine function,” The Lancet,v o l .
354, no. 9188, pp. 1435–1439, 1999.
[150] K. Spiegel, E. Tasali, P. Penev, and E. Van Cauter, “Brief com-
munication: sleep curtailment in healthy young men is
associatedwithdecreased leptinlevels,elevatedghrelinlevels,
and increased hunger and appetite,” Annals of Internal
Medicine, vol. 141, no. 11, pp. 846–850, 2004.
[151] L. Rafalson, R. P. Donahue, S. Stranges et al., “Short sleep
duration is associated with the development of impaired
fasting glucose: the western New York health study,” Annals
of Epidemiology, vol. 20, no. 12, pp. 883–889, 2010.
[152] J. P. Chaput, J. P. Despr´ e s ,C .B o u c h a r d ,A .A s t r u p ,a n d
A. Tremblay, “Sleep duration as a risk factor for the devel-
opment of type 2 diabetes or impaired glucose tolerance:
analysesofthe Quebec FamilyStudy,” SleepMedicine,vol.10,
no. 8, pp. 919–924, 2009.
[153] G. Cizza, P. Marincola, M. Mattingly et al., “Treatment of
obesity with extension of sleep duration: a randomized,
prospective, controlled trial,” Clinical Trials,v o l .7 ,n o .3 ,p p .
274–285, 2010.
[154] M. Bose, B. Oliv´ an, and B. Laferr` ere, “Stress and obesity: the
role of the hypothalamic-pituitary-adrenal axis in metabolic
disease,” Current Opinion in Endocrinology, Diabetes and
Obesity, vol. 16, no. 5, pp. 340–346, 2009.
[155] M. F. Dallman, “Stress-induced obesity and the emotional
nervous system,” Trends in Endocrinology and Metabolism,
vol. 21, pp. 159–165, 2010.
[156] E. L. Gibson, “Emotional inﬂuences on food choice: sensory,
physiological and psychological pathways,” Physiology and
Behavior, vol. 89, no. 1, pp. 53–61, 2006.Journal of Nutrition and Metabolism 15
[157] K. Raspopow, A. Abizaid, K. Matheson, and H. Anisman,
“Psychosocial stressor eﬀects on cortisol and ghrelin in
emotional and non-emotional eaters: inﬂuence of anger and
shame,” Hormones and Behavior, vol. 58, no. 4, pp. 677–684,
2010.
[158] V. Drapeau, F. Therrien, D. Richard, and A. Tremblay, “Is
visceral obesity a physiological adaptation to stress?” Pan-
minerva Medica, vol. 45, no. 3, pp. 189–195, 2003.
[159] A. Steptoe, S. R. Kunz-Ebrecht, L. Brydon, and J. Wardle,
“Central adiposity and cortisol responses to waking in mid-
dle-aged men and women,” International Journal of Obesity
and Related Metabolic Disorders, vol. 28, no. 9, pp. 1168–
1173, 2004.
[160] A. J. Tomiyama, T. Mann, D. Vinas, J. M. Hunger, J. Dejager,
and S. E. Taylor, “Low calorie dieting increases cortisol,”
Psychosomatic Medicine, vol. 72, no. 4, pp. 357–364, 2010.
[161] P. M˚ a r i n ,N .D a r i n ,T .A m e m i y a ,B .A n d e r s s o n ,S .J e r n ,
and P. Bj¨ orntorp, “Cortisol secretion in relation to body fat
distribution in obese premenopausal women,” Metabolism,
vol. 41, no. 8, pp. 882–886, 1992.
[162] J. Marniemi, E. Kronholm, S. Aunola et al., “Visceral fat and
psychosocial stress in identical twins discordant for obesity,”
Journal of Internal Medicine, vol. 251, no. 1, pp. 35–43, 2002.
[163] S. Wallerius, R. Rosmond, T. Ljung, G. Holm, and P.
Bj¨ orntorp, “Rise in morning saliva cortisol is associated with
abdominal obesity in men: a preliminary report,” Journal of
Endocrinological Investigation, vol. 26, no. 7, pp. 616–619,
2003.
[164] C. A. Larsson, B. Gullberg, L. R˚ astam, and U. Lindblad,
“Salivary cortisol diﬀers with age and sex and shows inverse
associations with WHR in Swedish women: a cross-sectional
study,” BMC Endocrine Disorders, vol. 9, p. 16, 2009.
[165] E. Van Cauter, R. Leproult, and D. J. Kupfer, “Eﬀects of
gender and age on the levels and circadian rhythmicity
of plasma cortisol,” Journal of Clinical Endocrinology and
Metabolism, vol. 81, no. 7, pp. 2468–2473, 1996.
[166] Z. Y. Zhao, F. H. Lu, Y. Xie, Y. R. Fu, A. Bogdan, and Y.
Touitou, “Cortisol secretion in the elderly. Inﬂuence of age,
sex and cardiovascular disease in a Chinese population,”
Steroids, vol. 68, no. 6, pp. 551–555, 2003.
[167] T. Ljung, G. Holm, P. Friberg et al., “The activity of the
hypothalamic-pituitary-adrenal axis and the sympathetic
nervous system in relation to waist/hip circumference ratio
in men,” Obesity Research, vol. 8, no. 7, pp. 487–495, 2000.
[168] R. H. Matousek, P. L. Dobkin, and J. Pruessner, “Cortisol
as a marker for improvement in mindfulness-based stress
reduction,” ComplementaryTherapiesin ClinicalPractice,v ol.
16, no. 1, pp. 13–19, 2010.
[169] L. E. Carlson, M. Speca, K. D. Patel, and E. Goodey, “Mind-
fulness-based stress reduction in relation to quality of
life, mood, symptoms of stress and levels of cortisol,
dehydroepiandrosterone sulfate (DHEAS) and melatonin
in breast and prostate cancer outpatients,” Psychoneuroen-
docrinology, vol. 29, no. 4, pp. 448–474, 2004.
[170] L. Witek-Janusek, K. Albuquerque, K. R. Chroniak, C.
Chroniak, R. Durazo-Arvizu, and H. L. Mathews, “Eﬀect
of mindfulness based stress reduction on immune function,
quality of life and coping in women newly diagnosed with
early stage breast cancer,” Brain, Behavior and Immunity,v o l .
22, no. 6, pp. 969–981, 2008.
[171] J. J. Robert McComb, A. Tacon, P. Randolph, and Y. Caldera,
“A pilot study to examine the eﬀects of a mindfulness-
based stress-reduction and relaxation program on levels of
stresshormones,physicalfunctioning,andsubmaximalexer-
cise responses,” Journal of Alternative and Complementary
Medicine, vol. 10, no. 5, pp. 819–827, 2004.
[172] F. P. Robinson, H. L. Mathews, and L. Witek-Janusek,
“Psycho-endocrine-immune response to mindfulness-based
stress reduction in individuals infected with the human
immunodeﬁciencyvirus: a quasiexperimental study,” Journal
of Alternative and Complementary Medicine,v o l .9 ,n o .5 ,p p .
683–694, 2003.
[173] D. E. Cummings, R. S. Frayo, C. Marmonier, R. Aubert, and
D. Chapelot, “Plasma ghrelin levels and hunger scores in
humans initiating meals voluntarily without time- and
food-related cues,” The American Journal of Physiology—
Endocrinology and Metabolism, vol. 287, pp. E297–E304,
2004.
[174] V. Rouach, M. Bloch, N. Rosenberg et al., “The acute ghrelin
response to a psychological stress challenge does not predict
the post-stress urge to eat,” Psychoneuroendocrinology,v o l .
32, no. 6, pp. 693–702, 2007.
[175] B. O. Yildiz, M. A. Suchard, M. L. Wong,S. M. McCann, and
J. Licinio, “Alterations in the dynamics of circulating ghrelin,
adiponectin, and leptin in human obesity,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 101, no. 28, pp. 10434–10439, 2004.
[176] B. A. Franklin, M. H. Whaley, and E. T. Howley, ACSM’s
Guidelines for Exercise Testing and Prescription, Lippincott
Williams&Wilkins,Philadelphia,Pa,USA,6thedition,2000.